
���������	��

��
���������


������������������ "!$#% 

&('()*)	+-,/.0'
132-46587:9<;/=-=�2�>?7:9%@:9BA�2�;C@ED�;C>�F�9BG<HIF/7:F*DJ469<=�9K;/>-4L7:9NM�O6F�HI4PO6;/5QF�=R;S@Q7:9BO6F�GK;C@:4TDJ46G�HIFC7:F*DJ9�2->R;

=�;C@Q7:9BO646GBGK;ID-9(HU;C5Q5:;�VW9B>X2->XOY;CHI=ZF[D-9(\]FC@:^64_O646>?7Q@E;/GB9a`�bNcedfM->�FC7:4gGB4gO6F�>�D-9B^69BF�>-9h9B>�9B^69K;CGK93icSjk4Pil j�mn?7:2RDJ9K4f@:46HIF[9BGaHIF/7:F�9K>o2->P5Q9B587:46HU;UD-9h@:9p\q4L@:9BHI46>?7:FI9K>-4L@:^69K;/GB4�5Q2�=�=ZF/>�46>�D-F[OEr�4_GK;I5QF/@:A/46>?7:4�DJ46G
O6;/HI=ZF-M/DJ9?HU;/5Q5:;�stM/5Q9K;<uR5Q5:;<>�46GBGNv F/@:9BA�9B>-4�D-46G?5Q9B587:46HU;wmax34LG?OY;/5QFgDJ46G?HIF/7:F<DJ469?=�9K;/>-4L7:9wO69zyF34Y{?2-9K|/;/GB4
;I5Q2-=�=ZF/@Q@:4}9BG~5QF�GB4�\q4L@:HIF�4YD�9a=�9K;/>-4L7:9~9B>oHIF/7:F[@:9B5Q=Z4L7Q7:F�;�D�465Q5QF-m_�$>�=-@:9BHU;U;/=-=-@:F�5Q5Q9BHU;C^69BF�>�4/Mh5Q4
s���V	M-GK;[5QF/@:A�4L>w7:4}DJ46GhO6;/HI=ZF[=-2ayF�4L5Q5Q4L@:4}@:9p7:46>w2J7E;}\]4f@:HU;�@:9K5Q=Z4f7Q7:FI;/GBGK;���=R;S@Q7:9BO646GBGK;/�-m�x346G�OY;/5QF
DJ46G?5Q9B587:46HU;knwF�GB4L�$�"4L@Q@E;�{?2�46587E;�9B=ZF/7:465Q9Zy4�|e4f@:F�5Q9BHI9BGK4�9K>�{?2R;C>w7:F3s��SV����Z�N�6��� j �/�Z�N�Y�e�8�k���w� ���Z�N�Y���wm
��@:FC|�4L@:46HIF[OEr�4_GB4�FC@:��9p7:4�D-469h=�9K;/>-4L7:9a5QF�>-FU5Q46HI=-@:4_DJ46GBGK4}O6F/>�9BOfr-4�m<��>P=�;C@Q7:9BO6F/G0;S@:4�5QF/>�FU46GBGB9K5Q5Q9NM

=�;C@E;C�ZF�GB4gFwDX9B=Z4L@:�ZF�GB9";�5Q46O6F/>RD�;�Ofr-4gG�v 46>-4L@:A�9K;�7:FC7E;/GB4}�W5Q90;�>�46A�;C7:9B|�;wMR>w2�GBGK;�F[=ZF/5Q9p7:9K|/;Jm

�   ¡I¢�¡¤£�¥§¦�¨*©«ª*©I¬�¢�¥S­g®�¯C¯S©°¥C¨±¦�¨�­g©U²¤ª�¡¤£�¥´³w¡�¬%µg®¶­g®}¨X¢�¬%©U¯/¥

·�¸J¹Pºq»�¼Sº]½w¹P¸P½P¾:¿LÀ�ÁZº]½wÂLÃ�ºqÄ~Å(ÂL¸JÆ(ÄqÃC¹�½PÁ(½JÄ~Å(À(»�¿f¸�ÁZº~ÇRº]¾:¿6½�Å�ºEÈÀ*ÉJÃ/»(ÃCÂ6½wÄqÃ�Åh¸�¾f¾fº0Æ�º0ÄqÃJÊZÂLºq¼6Ë�º0Ã�ÁZÃC»�Á(¸X¾f¸JÄq¸X¼6Ë�Ã
ºqÄÌ¼C½J¹XÅ"¸oÁZº~Í�¸-ÂfÎ�½P¾Eº]½�¼SÃ/»-¿LÂL½JÄ0Ã-Ï%ÐQ»�Ñ-À�Ã/¾E¿f¸�¼C½-¾E¸PÃ/¾L¾f¸XËh½�¾Eºq¹P¹XÃC¿fÂLºq½P¾EÍ�ÃCÂLºq¼/½(Ê(Å"ÃCÂ�¼SÀ(º�ÈÃ�Å�ºEÈÀ�¼S¸-»RÇJÃC»�º0Ã/»-¿LÃ
Ã/¾fÅ(ÂLº0¹PÃ/ÂfÃIºqÄÒ¹P¸w¿L¸�º0»�¼C¸�¸-ÂLÁ(º0»�½w¿fÃIÅ"¸JÄ]½wÂLº�ÓzÔ?ÕfÖ�Õf×%ØYÏkÙÌ½XÚ�É-À(Â6½*ÛIº0»�¿fÂL¸ZÁZÀ�¼CÃIÄ0Ã�¼C¸J»RÇJÃ/»(ÎCºq¸J»�ºÒ¼6Ë(ÃIÀ�¾fÃCÂLÃC¹P¸
Å"ÃCÂ�Ä0Ã3¼S¸R¸JÂ6ÁZºq»�½?¿LÃJÏ�ÐQÄ-»(¸�¾:¿LÂf¸�¸JÆ(ºqÃS¿f¿fºqÇJ¸�ÈÃ�ÁZÃC¿fÃ/Âf¹Pºq»�½wÂLÃ�ÄqÃ�Ã�Ñ-Àh½wÎCºq¸J»�º-¸-ÂL½JÂfºqÃJÊ�¸?ÇRÇJÃCÂL¸gÄqÃ<Í�À(»�ÎCºq¸J»(ºZÁZÃ/Ä-¿LÃC¹PÅ"¸
ÔZÓ�ÜEØSÊhÖ%Ó�ÜEØ_Ã�×kÓ�ÜEØSÊ"¼C¸-¾�ÝÞ ¼S¸-¹XÃIÄ]½X¿fÂ6½wºqÃS¿f¿f¸-Âfº]½(Ï3ß�ÃCÂgÍz½JÂ}Ñ�À(Ã/¾E¿f¸o½JÅ(Å(Äqºq¼6Ë(Ã/ÂfÃ/¹P¸Xº�Å(ÂLº0»�¼Cº0Å�º�ÁZº�¼S¸J»h¾EÃ/ÂfÇ?½wÎ/º0¸-»(Ã
ÁZÃ/Ä0Ä�à Ã/»(ÃCÂLÉJº]½�¹PÃ/¼C¼/½w»(º]¼C½*ÃoÁ(ÃCÄ<¹P¸-¹XÃ/»�¿f¸�½w»�ÉJ¸JÄ]½wÂLÃJÏoá}»�¼C½J¹XÅ"¸�ÁZº<Í�¸JÂLÎCÃ�¼SÃ/»-¿LÂL½JÄ0º_ÈÃ�¼S¸J»h¾EÃ/ÂfÇ?½?¿Lº0Ç-¸�ÊÒÅ"ÃCÂ
¼SÀ�º~Ä$à ÃC»(Ã/ÂfÉ-ºq½�¹PÃ/¼/¼C½w»�ºq¼/½�â�ÁZÃCÄqÄ]½�Åh½wÂf¿fº]¼SÃCÄqÄ]½(ÊZÁ(½?¿6½PÁ(½wÄqÄq½X¾f¸J¹P¹�½�ÁZÃ/Ä0Ä�à ÃC»(Ã/ÂfÉ-ºq½X¼Sºq»(ÃS¿Lºq¼/½XãäÃIÁZÃCÄqÄ�à Ã/»(ÃCÂLÉJº]½
Å"¸w¿fÃ/»(ÎCº]½wÄqÃ�åPÓ�ÔwØSÊ

âçætã�èéåPÓzÔ?ØSÕ Ó:ÛeØ
ÂLº0¹�½w»�Ã�¼C¸-¾E¿L½w»�¿LÃT»(Ã/Ä�¿LÃC¹PÅ"¸�Ï´ÐQÄg¾fÀ(¸�Çe½JÄ0¸-ÂfÃêÈÃ	Á(ÃS¿fÃ/Âf¹Pºq»�½?¿L¸�Á�½wÄqÄ0Ã*¼S¸-»�ÁZºqÎCºq¸J»(ºkºq»(º0Î/ºq½JÄ0ºg¾fÀ´Å"¸-¾fº0Î/º0¸-»(Ã�Ã
ÇJÃ/Ä0¸Z¼CºK¿?È½(ÊZ¸?ÇRÇJÃ/Âf¸XÁ(½wº~Ç?½wÄq¸JÂLºkëÔCì[æíëÔ(Ó�Ü�æäî-Ø�Ã*ëï ì�æWëï Ó�Ü<æðî-ØYÊ�Ã�Ç?½JÄ0Ã

âñæ Û
ò~ó ï�ôì è§åPÓzÔ ì Ø Ó$¼S¸�¾:¿6½w»�¿fÃeØ6õ

ÐQ»�À(»�¼/½w¹PÅh¸oÁ(ºÒÍ�¸JÂLÎCÃU¼CÃC»�¿fÂ6½wÄqºÌ½J»�¼6Ë(ÃIºqÄÌ¹P¸J¹PÃC»�¿L¸o½w»(É-¸JÄ]½wÂLÃ�ÈÃU¼C¸J»�¾fÃCÂLÇ?½?¿L¸�Ê(Ñ�À(ºq»�ÁZº�½J»�¼6Ë(ÃIºqÄ�¾fÀ(¸�Ç?½wÄq¸JÂLÃ
ÁZºqÅhÃ/»�ÁZÃU¾f¸JÄq¸�Á(½wÄqÄ0ÃI¼C¸J»�ÁZºqÎCºq¸J»�º~º0»(ºqÎCº]½wÄqº�Ï�ÙÌ½P¾EÀh½XÁ(ÃSÚ�»(ºqÎCºq¸J»�ÃXÈÃ

ëö æíëÔCì�÷ ó ëï ì�æ öXøù"ú Ó$¼S¸�¾:¿6½w»�¿fÃeØ6õ

ÙÌ½�¼S¸-»�¾fÃCÂLÇe½JÎCºq¸J»(Ã*ÁZº ëö ºq¹XÅ�Ä0º]¼C½û¼6Ë(Ã�¾f¸J»(¸
¼S¸�¾:¿6½w»�¿fºk»(Ã/Äg¿fÃ/¹PÅh¸
¾fºq½�ºqÄ}¾EÀ�¸�¹P¸ZÁZÀ(Äq¸ ö ¼6Ë(Ã*Äq½û¾fÀ�½
ÁZºqÂfÃ/ÎCºq¸J»(Ã øù ú Ê(¸?ÇRÇJÃCÂL¸�¼6Ë�Ã�ºqÄÒ¹P¸w¿L¸�ÈÃ[Å(ºq½J»(¸�Ï�ÐQ»�¿fÃ/Âf¹Pºq»(ºÌÁZÃ/Ä0ÄqÃI¼S¸R¸JÂ6ÁZºq»�½?¿LÃ[Åh¸-Äq½JÂfº~¼SºQÈ¸�ºq¹XÅ�Ä0º]¼C½P¼6Ë(Ã

×kÓ�ÜEØ�æð×�ì Óz¼S¸�¾:¿6½w»�¿fÃeØYÕ
Å"ÃCÂf¿L½w»�¿L¸IÄq½�¿LÂL½Jº0ÃC¿E¿f¸-Âfº]½[ÁZÃCÄqÄ]½[Å�½wÂf¿fº]¼SÃ/Ä0Ä]½�ÉJº]½J¼SÃ_¾fÀ(Ä(Å�ºq½J»(¸I»(¸JÂL¹�½wÄqÃ_½wÄqÄq½[ÁZºqÂLÃCÎCºq¸J»�Ã_ÁZÃCÄ(¹P¸-¹XÃ/»�¿f¸U½w»�ÉJ¸JÄ]½wÂLÃ
Ó�Ç-Ã/ÁZÃ/ÂfÃ*ÚhÉJÀ(Â6½tÛ�ØSÏýü�º]¾L¾f½w¿f¸´× ì Ê}Äq½�¿LÂL½Jº0ÃC¿E¿f¸-Âfº]½ûÅ(À�È¸´Ã/¾L¾EÃ/ÂfÃ�Ã�¾EÅ(ÂLÃ/¾L¾L½
¼S¸J¹PÃ�À�»�½ûÍ�À(»(Î/º0¸-»(ÃêÁZÃ/Ä0Ä]½�¾f¸JÄ]½
¼S¸R¸-ÂLÁZºq»�½w¿L½X½w»(É-¸JÄ]½wÂLÃ}Ö�þ(»(Ã/ÄÌ¾EÃ/ÉJÀ(º0¿f¸PÄ]½Xº0»�Á(ºq¼6Ë(Ã/ÂfÃ/¹P¸P¾fÃC¹PÅ(Äqº]¼SÃC¹PÃ/»-¿LÃI¼S¸J¹PÃIÔZÓ�ÖÒØSÏ

·�¸J¹Pºq»�¼Sº]½w¹P¸[¼S¸-ÄRÁ(ÃS¿fÃ/Âf¹Pºq»�½wÂLÃ3Ä$à Ã/Ñ�À�½JÎCºq¸J»(Ã3¸JÂ6½wÂLºq½}ÔZÓ�ÜEØYÏ%ÿ�Ã/¼C¸J¹PÅh¸-»(º]½w¹P¸[Äq½�ÇJÃ/Ä0¸Z¼Sº0¿eÈ½�ÁZÃ/Ä0Ä]½�Å�½wÂf¿fº]¼SÃ/Ä0Ä]½
ºq»�Ç-ÃCÄq¸Z¼Sº0¿eÈ½XÂL½-ÁZº]½wÄqÃ	ëï�� Ã[»(¸-Âf¹�½wÄqÃ	ëï�� Ê

ëï æíëï � èýëï � æ��Ô øù � è
Ô �Ö øù � Õ

Û



y

x
r

z
rL

ϑ
ϕ

centro di forza

ü�º0É-À(Â6½TÛ���·�¸J»RÇJÃ/»(ÎCºq¸J»(º"Å"ÃCÂgÄ�à À�¾f¸�ÁZÃCÄqÄqÃU¼S¸R¸JÂ6ÁZºq»�½?¿LÃJÏ�ÐQÄÌ¼SÃ/»-¿LÂf¸PÁZÃ/Ä0Ä]½�Í�¸JÂLÎ/½TÈÃ�¾fº0¿fÀ�½w¿f¸P»(ÃCÄqÄ�à ¸-ÂfºqÉJºq»(ÃJÊZ¾fºq½Xºq»
¼S¸R¸-ÂLÁZºq»�½w¿fÃXÅh¸-Äq½JÂfº%¼6Ë(ÃP¼C½JÂE¿LÃ/¾fºq½J»(ÃJÏ�Ù<à ½-¾f¾fÃ ø� ÈÃXÁZºqÂLÃS¿E¿L¸	ÄqÀ(»(É-¸*º0Ä%¹P¸J¹PÃ/»-¿L¸�½J»(ÉJ¸-Äq½JÂfÃ�ÂfÃ/Äq½w¿fºqÇJ¸�þ�¾Eº]¼C¼C¸J¹PÃ
Ã/¾L¾f¸IÈÃ<¼C¸-¾E¿L½w»�¿LÃ�»(ÃCÄ-¿fÃ/¹PÅh¸�ÅhÃ/Â�À�»U¹P¸w¿f¸�º0»�À(»�¼/½w¹PÅh¸�¼SÃC»�¿LÂL½JÄ0Ã-Ê�ºqÄ�Âfº0Í�ÃCÂLº0¹PÃ/»-¿L¸�¼6Ë(Ã�¾f¼CÃCÉJÄqº]½w¹P¸UÈÃ�ºq»(Ã/ÂfÎ/ºq½JÄ0Ã-Ï
ÐQ»
Å�½JÂE¿Lºq¼C¸JÄ]½wÂLÃ�ºqÄ<¹P¸w¿L¸�Âfºq¹�½w»(Ão¾fÃC¹PÅ(ÂLÃP»(ÃCÄ�Å(º]½w»(¸�ÓzÖ æíî�Ã � æíî�½JÁû¸-ÉJ»(º%º]¾E¿L½w»�¿LÃ�»(ÃCÄ<¿fÃC¹PÅ"¸�ØSÏ�ÙÌÃ
¿fÂ6½J¾EÍ�¸JÂL¹�½wÎ/º0¸-»(º?Í�Â6½_¼S¸R¸JÂ6ÁZºq»�½?¿LÃ�Å"¸JÄ]½wÂLºJÃ<¼/½wÂf¿fÃ/¾fº]½w»(Ã<¾L½wÂ6½w»�»(¸����	æðÔ�¼C¸-¾/Óz×%ØYÊ���ætÔ�¾Eºq»ÌÓ$×�ØSÊ?ÔIæ	� � ô è
� ôÃ/Á*×ûæð½JÂL¼S¿L½w»ÒÓ����
�"ØSÏ

ÁZ¸?Ç-Ã øù � Ã�Á øù � ÂL½JÅ(Å(ÂLÃ/¾fÃC»�¿L½J»(¸�Ê"Âfº]¾fÅhÃC¿E¿fºqÇ?½w¹PÃC»�¿LÃJÊ~ºqÄ�Ç-ÃCÂ6¾E¸-ÂfÃ�ÂL½-ÁZºq½JÄ0Ã�ÃXÑ�À(Ã/Ä0Äq¸�»(¸JÂL¹�½wÄqÃJÊaÃ/Á �ÔoÃ �Ö�¾E¸-»(¸
ÄqÃPÁ(ÃCÂLº0Ç?½?¿LÃPÂfº]¾EÅ"ÃS¿f¿f¸�½wÄ�¿LÃC¹PÅh¸�Á(ÃCÄqÄ0ÃXÍ�À(»(Î/º0¸-»(º%ÔZÓ�ÜEØ[ÃPÖ%Ó�ÜEØSÏ�Ù�à ÃC»(Ã/ÂfÉ-ºq½	¼Sºq»(ÃS¿Lºq¼/½	ã ÁZÃCÄqÄ]½	Åh½wÂf¿fº]¼SÃCÄqÄ]½TÅ(À�È¸
½wÄqÄq¸JÂ6½�Ã/¾L¾EÃ/ÂfÃ�Âfº]¾f¼CÂfº0¿E¿6½T¼C¸J¹PÃ�Ä]½T¾f¸J¹P¹�½TÁZº�ÁZÀ(Ã�¿fÃ/Âf¹Pºq»(º��}Ñ�À(ÃCÄqÄ0¸	ÂL½-ÁZº]½wÄqÃUã � ÊaÃ�Ñ�À(Ã/Ä0Äq¸T»(¸-Âf¹�½JÄ0Ã�ã � Ó$¼SºQÈ¸
»(¸-»�¾fº0É-»(º0Úh¼C½X¸?ÇRÇRºq½J¹XÃ/»�¿fÃ[¼6Ë(ÃIÄ$à ÃC»�ÃCÂLÉJº]½�¾fºq½XÀ(»*Ç-ÃS¿E¿L¸JÂLÃ��pØYÏ%Ù�à Ã/¾fÅ(ÂLÃ/¾L¾Eºq¸J»�Ã�ÁZºÌã ÁZºqÇJÃ/»�¿L½

ãtæ Û
ò ó ï�ô æ

Û
ò ó �Ô ô è

Û
ò ó Ô ô

�Ö ô æðã � è
ã � Õ

¼S¸-»	ã � æ��
ô ó
�Ô ô ÃIã � æ��

ô ó
Ô ô �Ö ô Ï<Ù�à À(Ä0¿fºq¹X¸P¿LÃCÂL¹Pº0»(ÃIÅ�À�È¸PÃ/¾L¾EÃ/ÂfÃ[Ã/¾fÅ(ÂLÃ/¾L¾E¸Xºq»	Í�À�»(ÎCºq¸J»(ÃUÁ(ÃCÄÒ¹P¸ZÁZÀ(Äq¸oÁZÃCÄ¹P¸J¹PÃC»�¿L¸P½J»(ÉJ¸-Äq½JÂfÃ ö Ï%ÐQ»ZÍz½w¿E¿Lº

ëö æíëÔ�÷ ó ëï æíëÔX÷ ó ÓSëï � èýëï � Ø<æíëÔX÷ ó ëï � èýëÔX÷ ó ëï � æíëÔX÷ ó Ô
�Ö øù � õ

ÐQÄ~¿LÃCÂL¹Xºq»(ÃI¼S¸-»�¿fÃC»�ÃC»�¿fÃ�ëÔP÷´ëï�� ÈÃI¾E¿L½w¿f¸PÃCÄqº0¹Pºq»�½?¿L¸�¾Eº]¼C¼C¸J¹PÃ*ëÔ���ëï�� þZº0»(¸-ÄK¿LÂfÃ[Ã�¾f¾fÃC»�Á(¸ûëÔ�� øù � Ê�¾fºÒË�½P¼6Ë(Ã
ö æ ó Ô ô

�Ö�õ Ó ò Ø
�R¸�¾:¿LºK¿LÀ(ÃC»�Á(¸X¸-ÂL½XÔ ô �Ö�º0»*ã � ¾fº~ÂLºq¼/½eÇe½

ã � æ ö ô
ò ó Ô ô

õ
È� ºq¹PÅh¸-ÂE¿6½w»�¿fÃ�¸-¾L¾EÃ/ÂfÇ?½wÂLÃ�¼6Ë(Ã�ã � ÁZºqÅhÃ/»�ÁZÃ3Ã/¾L¼SÄqÀ�¾fº0Ç?½w¹PÃ/»-¿LÃ�Á(½_ÔgÃJÊw¼S¸-¹PÃ�¿L½JÄ0Ã-ÊeÂL½JÅ(Å(ÂLÃ/¾fÃC»�¿L½kÀ(»Ìà Ã/»(ÃCÂLÉJº]½

ÁZº�Å"¸-¾fº0Î/º0¸-»(ÃJþÌ½	¼C½JÀ�¾f½	ÁZº�¼SºQÈ¸TÇRºqÃC»(ÃPÁZÃ/»(¸J¹Pºq»�½?¿L¸�½J»�¼6Ë(Ã�������� �"! #�$�%&�(')�*�+�-,.# /)0�12�?ÏUÐQ»ûÁZÃCÚ�»(º0¿fºqÇe½	Ä�à Ã/»(ÃCÂLÉJº]½
¼Sºq»(ÃC¿fº]¼C½�¿f¸J¿L½wÄqÃXÈÃ

ãtæ Û
ò ó �Ô ô è

ö ô
ò ó Ô ô

õ Ó�3�Ø
È� ºq»�¿fÃCÂLÃ/¾L¾L½w»�¿fÃ-Ê�½êÑ-À�Ã/¾E¿f¸êÅ�À(»�¿f¸�Ê�¼6Ë�º0Ã�ÁZÃCÂ6¾Eº3¼S¸-¹XÃT¹P½Jº3¼C¸J¹PÅ�½Jºq½�Ä�à ½wÉJÉ-ÃS¿f¿fºqÇJ¸4')�*�+�-,.# /)0�12�?Ê�¿fºqÅ(ºq¼C¸ ÁZº

À(»é¾Eº]¾:¿LÃC¹�½�ÁZºkÂLºKÍ�Ã/Âfºq¹PÃC»�¿f¸ê»(¸J»�ºq»(Ã/ÂfÎ/ºq½JÄ0Ã-Ê�Ñ-Àh½w»�ÁZ¸hÊ�º0»RÇJÃ�¼SÃ-Ê�½JÆ(Æ(º]½w¹P¸ ¼C¸J¹Pºq»�¼Sº]½?¿L¸�º�»�¸-¾E¿fÂLº3¼/½wÄ]¼S¸JÄqº�Á�½
¸-¾L¾fÃCÂLÇe½w¿f¸-Âfºkºq»(ÃCÂLÎCº]½wÄqº$Ï ÿ}º}Íz½?¿f¿f¸�Êk»(Ã/Ä�ÁZÃC¿fÃ/Âf¹Pºq»�½wÂLÃ*ã � ½?¿f¿fÂ6½eÇJÃ/ÂL¾f¸êÄ]½
¼S¸�¾:¿6½w»�¿fÃ�ÁZÃ/Ä_¹P¸w¿L¸ ö ¼Sº�¾fº]½w¹P¸
¾fÆ�½wÂ6½wÎ/Î/½?¿LºÌÁZÃ/Ä0Ä]½oÇ?½wÂLº]½wÆ(ºqÄ0Ã�ÁZº�Å"¸-¾fºqÎCºq¸J»(Ã�Ö�Ê"Ú�»�¸T½JÁ�Ã�¾EÅ�Âfºq¹PÃCÂLÃUÄ$à ÃC»�ÃCÂLÉJº]½o¼Sºq»(ÃS¿Lºq¼/½�¿L¸w¿L½JÄ0Ã�ã�º0»�Í�À(»(ÎCºq¸J»�Ã
ÁZÃ/Ä0Ä]½ ¾f¸JÄ]½�Ç?½JÂfº]½wÆ(ºqÄqÃ�ÁZºkÅ"¸-¾fº0Î/º0¸-»(Ã�Ô�Ït·�ºg¾Eº]½w¹P¸û¼S¸-¾�ÝÞ Âfº0¿fÂL¸?Ç?½?¿fºg¼C¸J¹PÃT¸�¾f¾fÃCÂLÇ?½?¿f¸-Âfº�»(¸J»éºq»(ÃCÂLÎCº]½wÄqº�ºq»éÀ(»
¾fºq¾E¿fÃ/¹P½*ÁZº<Âfº0Í�ÃCÂLº0¹PÃ/»-¿L¸�¾E¸-Ä0º]Á(½wÄqÃP½wÄ%Â6½wÉJÉ-º0¸�ÇJÃC¿E¿L¸JÂLÃ øù � Ï�ÿ�ÃCÂLº0Ç?½w»hÁZ¸*ã � Âfº]¾fÅhÃC¿E¿f¸�½-ÁêÔ�Ã�¼C½w¹�Æ(º]½w»�ÁZ¸�ÁZº

ò



¾fÃCÉJ»�¸X¾fºÒ¸w¿f¿fºqÃC»(Ã[ºq»ZÍz½?¿f¿fºÒºqÄÒÇ?½wÄq¸JÂLÃ[ÁZÃCÄqÄq½�Í�¸-ÂfÎ�½X¼CÃC»�¿fÂLº0Í�À(É-½�Ï��gº0¿f¸-Âf»�ºq½J¹X¸�½JÄÒ¼C½wÄ]¼S¸-Ä0¸PÁZÃ/Ä0Ä�à Ã�Ñ�À�½wÎ/º0¸-»(Ã�¸-ÂL½JÂfº]½
ÔZÓ�ÜEØSÏ �R¸-¾E¿fº0¿fÀ�ÃC»�ÁZ¸�Ä�à Ã/Ñ�À�½wÎ/º0¸-»(Ã 3P»(ÃCÄqÄq½�ÛI¾fºÒË�½

âçæ Û
òaó �Ô ô è�� ö ôò ó Ô ô

èéåPÓzÔ?Ø��Iõ Ó��RØ
ÐQÄ�¿LÃCÂL¹Pº0»(ÃT¿fÂ6½*Å�½wÂLÃC»�¿LÃ/¾fº<Ñ�À�½JÁZÂLÃJÊ�¼6Ë(ÃoÉ-º0¸Z¼6Ë(Ã/ÂeÈ½�À(»´ÂfÀ(¸-Ä0¸�ºq¹PÅh¸-ÂE¿6½w»�¿fÃ�»�ÃCÄqÄq½�Á(Ã/¾L¼SÂLº0Î/º0¸-»(ÃoÁZÃCÄ3¹P¸w¿L¸�Ê�ÈÃ
À(»Òà ÃC»�ÃCÂLÉJº]½XÁ(º~Åh¸�¾EºqÎCºq¸J»(ÃI¼6Ë(ÃIÅ�ÂfÃ/»�ÁZÃ[º0ÄÌ»(¸J¹PÃIÁZºÒÃ/»(ÃCÂLÉJº]½�Å"¸w¿LÃC»(Î/ºq½JÄ0ÃIÃ	�o¼C½J¼CÃIå�

� �

å�
�� æ ö ô
ò ó Ô ô

è§å�Ó�ÔwØYõ Ó��-Ø
����� ������������� �"!#�$�&%'��()�+*�,�%.-/�0�1,+�02431�+*�� �
� ¾fÅ(Äqºq¼CºK¿Lºq½J¹P¸X¸-ÂL½�åPÓzÔ?Øg»(ÃCÄqÄq½�Í�¸-Âf¹�½PÁZÃCÄqÄ�à Ã/»(ÃCÂLÉJº]½�Å"¸w¿LÃC»(Î/ºq½JÄ0ÃIÉ-ÂL½eÇRº0¿L½JÎCºq¸J»�½JÄ0Ã

åPÓ�ÔwØ<æ4576 ó98Ô æ45;: Ô Õ Ó=<�Ø
ÁZ¸?Ç-Ã 8 ÈÃ�Ä]½�¹P½-¾f¾L½XÁZÃCÄÌ¼CÃC»�¿fÂL¸PÁZºaÍ�¸JÂLÎ/½X¾Eº0¿fÀh½?¿f¸P»(Ã/Ä0Ä�à ¸JÂLº0É-º0»(Ã#>�Ó�ÇJÃ�ÁZÃCÂLÃ�Ú�ÉJÀ(Â6½	Û�ØYÏ%ß�Ã/Â3Æ�ÂfÃ/Ç�º0¿eÈ½	ÈÃI¾E¿L½?¿L¸
Å"¸-¾E¿f¸ : æ?6 ó98 ¼C¸J»@6BAC<�õ <&DFEaÛ/î�G � �IH ¹ ôKJML É ô ÏtÐQ»éÚ�É-À(ÂL½ ò ÈÃ*ÂfºqÅ"¸JÂf¿L½?¿L¸ûº0ÄgÉ-ÂL½wÚh¼S¸ûÁZÃCÄqÄ�à Ã/»(ÃCÂLÉJº]½Å"¸w¿fÃ/»(ÎCº]½wÄqÃ[ÃN�o¼C½-¼SÃ�å 
�� ÓzÃ/Ñ�À�½wÎ/º0¸-»(ÃO�JØ�Å"ÃCÂ_ºqÄÒÅ"¸w¿fÃ/»(ÎCº]½wÄqÃ[ÉJÂ6½eÇRºK¿6½wÎCºq¸J»h½wÄqÃ[åPÓzÔ?Ø[ÓzÃ/Ñ�À�½JÎCºq¸J»(Ã#<-ØSÏ

ÐgÂLºq¾fÀ(Ä0¿L½?¿Lº�¼6Ë(Ã�¿fÂL¸?ÇJÃ/ÂfÃ/¹X¸�Å"ÃCÂ�ºqÄ�Å"¸w¿LÃC»(Î/ºq½JÄ0Ã�ÉJÂ6½eÇ�º0¿L½JÎCºq¸J»�½JÄ0Ã[Å"¸w¿LÂL½J»(»(¸oÃ�¾f¾fÃCÂLÃUÃ/¾E¿fÃ�¾Eº�½wÄqÄ�à ºq»�¿fÃCÂ6½wÎ/º0¸-»(Ã
¼S¸-À(Äq¸J¹�Æ�ºq½J»�½�¿fÂ6½[À(»�½U¼/½wÂLºq¼/½IèQP�Ê-¼SÃ/»�¿fÂL¸UÁZº(Í�¸-ÂfÎ�½(Ê-¾fº0¿fÀ�½w¿L½[ºq»;> Ã/ÁPÀ(»�½I¼/½wÂLºq¼/½IÁZºh¾fÃCÉ-»(¸[¸JÅ(Å"¸-¾E¿f¸R5�S�ºq»
¹P¸w¿L¸�ÂfÃ/Äq½w¿fºqÇJ¸�ÏUT_»�¼6Ë�ÃUº0»�Ñ�À(Ã�¾:¿L¸T¼C½-¾E¸PºqÄÌÅ"¸w¿LÃC»(Î/ºq½JÄ0Ã�ÈÃUÁ(ÃCÄÒ¿Lº0Å"¸*å�Ó�ÔwØ3æV5 : �?ÔRÊhÁZ¸?Ç-ÃIÅhÃ/ÂeÈ¸ : æ �WYXMZ�[ P#S¼S¸-» �WYXMZ [ A]\QEwÛ�î_^ H ¹ ô Ï�ÿ�½wÄqÄ$à Ã/Ñ�À�½JÎCºq¸J»(ÃQ�PÅ"¸-¾L¾Eº]½w¹P¸XÂfº]¼C½eÇ?½wÂLÃ

�ÔUæ.`ba ò
ódc âe5 ö ô

ò ó Ô ô
5�åPÓ�ÔwØ�f�õ ÓgDJØ

ÿ�ÃCº�Á(À(ÃT¾fÃCÉJ»�º�Å(ÂLÃC»�ÁZÃ/ÂfÃ/¹P¸*Ñ�À(Ã/Ä0Äq¸�Å"¸-¾fºK¿Lº0Ç-¸�þ%Ñ�À(Ã/¾E¿L½�¾L¼SÃ/ÄK¿6½�¼S¸JÂLÂLºq¾fÅh¸-»�ÁZÃ�½JÁûºq¹PÅh¸-ÂfÂLÃPÀ(»�½�¼C¸J»�Á(º0Î/º0¸-»(Ã
ºq»(º0Î/ºq½JÄ0Ã��%º0Ä~Ç-ÃCÂ6¾E¸PÁZºÒÂL¸w¿6½wÎ/º0¸-»(Ã�Á(ÃCÄqÄq½X¹�½J¾L¾f½ ó Ïß�¸Jº]¼6ËÒÈÃ �ÔTÂLºq¾fÀ(Ä0¿L½*¾f¸JÄq¸	Í�À�»(ÎCºq¸J»(ÃoÁ(ÃCÄqÄq½�Ç?½wÂLºq½JÆ(ºqÄ0ÃPÔRÊ�½JÄ%Ú�»(ÃoÁZº%ÂLº]¼C½eÇ?½wÂLÃ�ÔZÓzÖ~ØPÈÃ�¾EÀ��o¼Cº0Ã/»-¿LÃP¸-¾L¾EÃ/ÂfÇ?½wÂLÃ
¼6Ë(Ã h Ôh Ö æ h Ô�� h Üh Ö � h Ü æ �Ô

�Ö õ Ó=i�Ø
ÐQ»ZÍz½w¿E¿fº�Ê�¾f¸-¾E¿fº0¿fÀ(Ã/»�ÁZ¸PÄqÃIÃ/Ñ�À�½wÎ/º0¸-»(º ò ÃFDRÊZ»(¸-»�¼6ËÒÈÃ�Ä]½�ÄqÃCÉ-ÉJÃIÁZºq»�½w¹Pº]¼C½j<(ÊZ»�ÃCÄqÄq½ji�¾fºa¿fÂL¸?Çe½h Ôh Ö æ �Ô

�Ö æ?k ôl Ó$â�5 ö ô � ò ó Ô ô è : �eÔwØ
ö � ó Ô ô

õ�gº]¾E¸-Ä0Ç-ÃC»�Á(¸�ÂLºq¾fÅ"ÃS¿E¿L¸o½ h Ö�Ê�ÁZ¸-Åh¸�Ñ�À�½JÄq¼6Ë(ÃI¾fÃC¹PÅ(Äqºq¼CÃIÅ�½J¾L¾L½wÉJÉ-º0¸�½wÄqÉJÃCÆ�Âfº]¼S¸P¾EºÌ¸w¿E¿Lº0Ã/»(Ãh Ö�æ ö h Ô
ó Ô ô k ôl Ózâ�5 ö ô � ò ó Ô ô è : �eÔwØ æ

h Ô
Ô k ô lUmúon Ô ô è ôqp lúrn Ô15éÛ õ

ÙÌ½oÍ�¸JÂL¹�À(Ä]½�Å(ÂLÃ/¼CÃ/ÁZÃ/»�¿fÃ�¾fº�¾fÃC¹PÅ(Äqº0Úh¼C½T»(¸w¿LÃCÇJ¸-Ä0¹PÃ/»-¿LÃ�¾fÃ�Â6½wÉJÉ-ÂfÀ�Å(Å(º]½w¹P¸PÄ0ÃX¼S¸-¾E¿L½J»�¿fº�Á(ÃCÄ�¹P¸w¿f¸TÅh¸-»(ÃC»�Á(¸s æ ò ó â(� ö ô Êutgæ ò ó : � ö ô Ã#v_æB5IÛ�� h Ö�æ h Ô
Ô_w s Ô ô èxtYÔgèxv õ Ó=\�Øy�¾L¾EÃ/ÂfÇRº]½w¹P¸�¼6Ë�ÃJÊ�Åh¸-ºq¼6ËÒÈÃ ö Ã�Áûâ�¾f¸J»�¸�¼S¸-¾E¿L½J»�¿fº�Ê s Ã;t�»(¸-»�ÁZºqÅhÃ/»�ÁZ¸J»�¸�Á(½*ÔRÏ	ÐQ»�¿fÃ/ÉJÂ6½w»�Á(¸�Ã/»�¿fÂ6½w¹�Æ�º

º�¹PÃC¹�Æ�Âfº%ÁZÃ/Ä0Ä�à Ã�Ñ�À�½wÎ/º0¸-»(ÃF\�Ó�Ä�à ºq»�¿fÃ/ÉJÂ6½wÄqÃ�ÁZÃ/Ä�¾fÃ/¼C¸J»�Á(¸T¹PÃC¹�Æ(Âf¸�¾Eº�Å(À�È¸T¿LÂf¸?Ç?½wÂLÃI¿6½wÆ(À(Ä]½?¿L¸�¾fÀ(ÄqÄq½T¹�½wÉJÉ-º0¸-Â
Å�½JÂE¿LÃ[Á(ÃCÄqÄ0Ã[¿6½eÇJ¸JÄqÃ[ÁZºÒºq»-¿LÃCÉ-ÂL½JÄ0ºNØ<¾fºÒ¸J¿E¿fºqÃC»�Ã

½wÂ6¼C¾fº0»{z t6Ô�� ò è|v
Ô � t ô �M�#5 s v&} ætÖ~5 Ö ì õ ÓEÛ/î�Ø

3



~ r−1Potenziale
coulombiano

~ r−2Potenziale
centrifugo

Potenziale
efficace

E
ne

rg
ia

r

ü�º0É-À(Â6½ ò ����Â6½?Úh¼C¸�Ñ�À�½wÄqº0¿L½?¿Lº0Ç-¸�ÁZÃ/Ä"Å"¸w¿LÃC»(Î/ºq½JÄ0Ã�ÃN�o¼/½J¼SÃ�»(ÃCÄ~¼/½J¾f¸�¼S¸-À(Ä0¸-¹�Æ(º]½w»�¸�½?¿f¿fÂ6½?¿E¿Lº0Ç-¸�Ï�ÐQÄaÅh¸J¿fÃC»�ÎCº]½wÄqÃ
¼SÃ/»�¿fÂLºKÍ�À(É-¸�ÈÃ%Åh¸�¾Eº0¿fºqÇJ¸gÃ�¼SÂLÃ/¾L¼SÃ%¼S¸-¹XÃ%Ô G ô Êe¹PÃC»�¿fÂLÃ%ºqÄJÅ"¸w¿fÃ/»(ÎCº]½wÄqÃ�¼S¸-À(Äq¸J¹�Æ�ºq½J»(¸g¾E¸-Ä0¸g¼S¸-¹PÃ�Ô G � Ï���À(ºq»�ÁZºJÅ"ÃCÂÅ(º]¼C¼C¸JÄqÃ[Á(ºq¾E¿L½J»(ÎCÃIÅ(ÂLÃCÇ?½JÄ0Ã[Ä�à Ã��"ÃC¿E¿f¸	¼SÃC»�¿LÂfº0Í�À(ÉJ¸hÊZÅhÃ/Â_ÉJÂ6½w»hÁZºÒÑ�À(ÃCÄqÄ0¸�¼C¸JÀ(Äq¸J¹�Æ(ºq½J»(¸�þZ½�ÁZº]¾E¿L½w»�Î/½Xº0»�¿LÃCÂL¹XÃ�ÁZºqÃ
¾fºaÍ�¸JÂL¹P½P½JÄ0Äq¸JÂ6½�À�»�½��EÆ(Àh¼C½XÁZºÒÅ"¸w¿fÃ/»(ÎCº]½wÄqÃ���Ï

ÙÌ½�¼S¸�¾:¿6½w»�¿fÃ�ÁZºgºq»-¿LÃCÉ-ÂL½JÎCºq¸J»(Ã	Ö ì ÈÃ�ÁZÃS¿LÃCÂL¹Pº0»�½w¿L½�Á(½wÄqÄ]½êÅ"¸-¾fº0Î/º0¸-»(Ã*½w»(É-¸JÄ]½wÂLÃTºq»(º0Î/ºq½JÄ0Ã-Ï �R¸�¾:¿LºK¿LÀ(ÃC»�Á(¸
»(Ã/Ä0Ä]½�¾f¸JÄqÀ(ÎCºq¸J»(Ã�Û�î�º<Ç?½JÄ0¸-Âfº<Á(º s Ê$tXÃ;v?Ê%ÁZ¸-Åh¸�À�»�½�¾fÃC¹PÅ(Äqºq¼CÃo¹�½w»(ºqÅh¸-Äq½JÎCºq¸J»(Ão½JÄ0É-ÃCÆ(ÂLº]¼C½*ÃoÄ�à ºq»RÇJÃ/ÂL¾fº0¸-»(Ã
ÁZÃ/Ä0Ä]½�Í�À(»(ÎCºq¸J»�ÃU½wÂ6¼S¸-¾fÃC»�¸�ÊZ½wÆ(Æ�ºq½J¹X¸

¾fº0»ÌÓzÖ~5�Ö ì Ø<æ ó : Ô 5 ö ôÔ_w ó ô : ô è ò ó â ö ô õ�gº]¾E¸-Ä0Ç-ÃC»�Á(¸�ÂLºq¾fÅ"ÃS¿E¿L¸o½JÁ	Ô�¾fºÒ¸w¿f¿fºqÃC»(ÃIÄ]½PÁZºqÅhÃ/»�ÁZÃC»�Î/½�ÁZºÒÔXÁ(½XÖ �
ÔZÓ�ÖÒØ<æ ö ô � ó :

Û�5 k Û�è ô m úrnl p n ¾Eºq»ÌÓ�Ö~5 Ö ì Ø õ ÓEÛJÛeØ

	 ¸JÉ-Ä0º]½w¹P¸X¸JÂ6½�ÂLº]¾f¼CÂfºqÇJÃ/ÂfÃ[Ñ�À(Ã/¾E¿L½XÀ(É-À�½wÉ-Ä0º]½w»(Î�½Uºq»*À(»�½XÍ�¸JÂL¹�½XÅ(ºEÈÀ�¾fÃC¹PÅ(Äqºq¼CÃJÏ�·3½JÄq¼C¸JÄqºq½J¹X¸XºqÄ~Çe½JÄ0¸-ÂfÃIÁZº
ÔZÓ�ÖÒØkÅ"ÃCÂ_Ö�æ Ö ì ÃU¼6Ë(º]½w¹Pº]½w¹P¸JÄq¸�
"Ï%ÐQÄÌ¾fÃC»(¸�¾fºÒ½w»(»RÀ(ÄqÄ]½�Ã�Á�¸w¿E¿LÃC»(º]½w¹P¸

ÔZÓ�Ö ì Ø�æ ö ô
ó : æ�
"õ ÓEÛ ò ØT_Æ�Æ(ºq½J¹P¸´ÇRºq¾E¿f¸§¼6Ë(Ã�Ä]½�¼S¸-»(¸-¾L¼SÃ/»(Î/½
ÁZÃ/Ä0ÄqÃ ¼C¸J»�Á(º0Î/º0¸-»(º}ºq»(ºqÎCº]½wÄqº�ºq¹PÅ(Ä0º]¼C½´Äq½´¼S¸J»�¸-¾L¼SÃC»�Î/½
ÁZº ö Ã Ñ�À(ºq»�ÁZº

ÁZº

"Ï �Zºq½J¹X¸ Ä0ºqÆ"ÃCÂLºkÁ(ºk½-¾f¾fÀ(¹PÃCÂLÃTºqÄ3Çe½JÄ0¸-ÂfÃ	º0»�º0Î/ºq½JÄ0Ã	Ö ì æ�5�� � ò þ�Ñ-À�Ã/¾E¿f¸�º0¹PÅ(Äqºq¼/½ê¼6Ë(Ã*¾fº0»ÌÓzÖ 5éÖ ì ØPæ
¾fº0»ÌÓzÖ�è�� � ò Ø%æB5�¼S¸�¾ZÖ�Ï�ß�¸J»(º]½w¹P¸X½w»�¼C¸JÂ6½

� æ�� Û�è ò â ö ô
ó : ô õ ÓEÛ 3�Ø

ÐQ»�Ñ�À(Ã/¾E¿f¸P¹P¸ZÁZ¸PÄ$à Ã/Ñ�À�½JÎCºq¸J»(ÃPÛJÛ[¾fºÒÂfº]¾L¼SÂLº0Ç-Ã�¼C¸J¹PÃ

ÔZÓ�ÖÒØ�æ 

Û�è � ¼S¸�¾ZÖ õ ÓEÛ	�RØ

��À(Ã�¾:¿6½ûÈÃoÄ�à Ã�Ñ�À�½wÎ/º0¸-»(ÃoÁZº3À(»�½ ')� ��#�')$oºq»´¼C¸�¸-ÂLÁ(º0»�½w¿fÃ�Å"¸JÄ]½wÂLº$Ï � ÈÃ	ÁZÃS¿f¿L½ �)')')�*�+�-,.#�' # ���$oÁZÃ/Ä0Ä]½�¼S¸-»(º]¼C½(Ï T
ÁZÃ�¼Sº]ÁZÃCÂLÃ�ÁZº�¼6Ë(ÃI¿fºqÅ"¸	ÁZº�¼S¸J»�ºq¼/½�¾EºÌ¿fÂ6½?¿E¿6½�ÈÃIºqÄ�Ç?½JÄ0¸-ÂfÃUÁZº � ¼6Ë�ÃJÊh½T¾EÀ�½oÇJ¸JÄ0¿L½�ÊÒÈÃ�Á(ÃS¿fÃ/Âf¹Pºq»�½?¿L¸oÁ(½oâ Ã�Á ö

�



Ó�Ã�Ñ�À�½wÎ/º0¸-»(ÃTÛ 3-ØgÃPÑ�À(ºq»�ÁZº%Á(½wÄqÄqÃ�¼S¸-»�ÁZºqÎCºq¸J»(º�ºq»(º0Î/ºq½JÄ0º�Ï#T Ñ�À(Ã�¾:¿L¸TÅ(À�»-¿L¸	Å�À�È¸TÃ�¾f¾fÃCÂLÃ�¼C¸J¹P¸ZÁZ¸TÅ�½-¾f¾L½wÂLÃU½wÄqÄqÃ
¼S¸R¸-ÂLÁZºq»�½w¿fÃ[¼C½wÂf¿fÃ�¾Eº]½w»�ÃJþ(Á(½JÄ0Ä]½�Ú�ÉJÀ(Â6½	Û[¾fºÌÁZÃ�ÁZÀ�¼CÃ[¼6Ë�Ã

�*æ Ô%¼S¸�¾ZÖ ��æ Ô%¾fº0»gÖ�õ
�R¸�¾:¿LºK¿LÀ(ÃC»�Á(¸ ��Ã/Á ��»(ÃCÄqÄ$à Ã/Ñ�À�½JÎCºq¸J»(Ã�Û	�hÊ�¼C¸J»�¾fºqÁ(ÃCÂ6½w»�ÁZ¸X¼6Ë(Ã}ÔUæ	� � ô è � ô ÊRÁ(¸JÅ"¸�Ã/Ä0Ã/¹XÃ/»�¿L½wÂLº"¹P½J»(ºqÅh¸-Äq½��ÎCºq¸J»�º$Ê(¾fº~¿fÂL¸?Ç?½

� ô � Û�5 � ô�� è ò � 
���è
� ô æ 
 ô Õ ÓEÛK�-Ø
¼6Ë(ÃPÈÃ[Ä�à Ã�Ñ-Àh½wÎCºq¸J»�Ã[Á(º~À(»�½�¼S¸-»(º]¼C½�º0»�¼S¸R¸-ÂLÁZºq»�½w¿fÃI¼C½JÂE¿LÃ/¾fºq½J»(ÃJÏ � ¾fºq¾E¿f¸-»(¸�¿fÂLÃIÅh¸�¾f¾fº0Æ�º0ÄqºK¿?È½ �

��� Û ÅhÃ/Â_Ä0Ã[¸-ÂfÆ(º0¿fÃ[ºqÅhÃ/ÂfÆ"¸JÄqº]¼6Ë(ÃJþ� æýÛ ÅhÃ/Â_Ä0Ã[¸-ÂfÆ(º0¿fÃ[Å�½JÂL½JÆh¸-Ä0º]¼6Ë(Ã-þ
î�� �
	 Û ÅhÃ/Â_Ä0Ã[¸-ÂfÆ(º0¿fÃ[Ã/Ä0ÄqºK¿f¿fº]¼6Ë(ÃJÏ

ÐQÄk¼C½J¾f¸ ö æ îéÓz¼Cº0¸�ÈÃ 
§æ î Ã/Á � æ�Û�Ø�¼S¸-ÂfÂLºq¾fÅ"¸J»�ÁZÃ	½JÁ�À�»Òà ¸-ÂfÆ�ºK¿6½�ÂLÃS¿E¿Lº0Äqºq»(Ã/½ê»(ÃCÄqÄq½�ÁZºqÂfÃ/ÎCºq¸J»(Ã�ÁZÃCÄ
¼SÃ/»�¿fÂL¸oÁZºÒÍ�¸-ÂfÎ�½ ��Ä]½PÅ�½wÂf¿fº]¼SÃ/Ä0Ä]½�¼C½-ÁZÃIÇJÃ/ÂL¾f¸Pº0Ä�¼SÃ/»-¿LÂf¸oÁ(ºÒÍ�¸JÂLÎ/½P¾fÃ/¼C¸J»�ÁZ¸�À�»�½�Äqº0»(Ã�½PÂfÃC¿E¿6½�½eÇJÃC»�¿LÃIÄq½�¾E¿fÃ�¾f¾L½
ÁZºqÂfÃ/ÎCºq¸J»(ÃIÁZº_ëÔ ì Ã�ëï ì Ï H ÃCÄÌ¾fÃCÉ-À(º0¿f¸PÃ/¾L¼SÄqÀ�ÁZÃ/ÂfÃ/¹X¸PÑ�À(Ã/¾E¿L½XÅ"¸-¾L¾EºqÆ(ºqÄ0º0¿eÈ½�Ï

����
���������������
������������� »�ÃCÄ�¼/½J¾f¸�¼6Ë(ÃUÄ�à Ã/»(ÃCÂLÉJº]½P¾Eº]½PÅh¸�¾Eº0¿fºqÇ?½�Ã/Á*ºqÄÌ¹P¸-¹XÃ/»�¿f¸o½w»�ÉJ¸JÄ]½wÂLÃ[»(¸J»�¾fºq½P»RÀ(ÄqÄq¸
Óz¼Cº0¸�ÈÃ_â � îIÃ�Á ö"!æðî�Ø%¾EºhË�½ �
� ÛJÊ-¸?ÇRÇJÃCÂL¸PÛ'5 � ô 	 î(Ï�ß�¸J»(º]½w¹P¸U½JÄ0Äq¸JÂ6½XÛ'5 � ô æB5$#UÊR¼S¸J»%#äÅh¸�¾Eº0¿fºqÇJ¸hþÄ�à Ã�Ñ-Àh½wÎCºq¸J»�ÃXÛ ��Á(º0Ç-ÃC»�¿L½ 5$# � ô è ò � 
2��è
� ô æ 
 ô õ
ÐQ»ûÑ-À�Ã/¾E¿L½	Ã/Ñ�À�½wÎ/º0¸-»(ÃXº�¼C¸RÃN�o¼SºqÃC»�¿fº�Á(ÃCº�¿fÃ/Âf¹Pºq»(º�Ñ�À�½JÁ(ÂL½w¿fº]¼Sº � ô Ã�� ô ¾f¸J»(¸*ÁZºqÇJÃ/ÂL¾fº�ÃXÁZº�¾fÃCÉ-»(¸�¸JÅ(Å"¸-¾E¿f¸+�¾fº<¿LÂL½w¿E¿L½ ÁZÃCÄqÄ�à Ã�Ñ-Àh½wÎCºq¸J»�Ã	ÁZºkÀ(»Òà ºqÅhÃ/ÂfÆ"¸JÄqÃJÏ�ÐQ»�Ú�É-À(Â6½ 3&�Q½-ØTÓN¿fÂ6½?¿f¿f¸�¼S¸J»�¿Lº0»RÀ(¸RØ�ÈÃoÂLºqÅh¸-ÂE¿6½?¿f¸ º0Ä3ÉJÂ6½?Ú"¼S¸êÁZº
À(»Òà ºqÅhÃ/ÂfÆ"¸JÄqÃU½eÇJÃ/»-¿LÃ � æ Û-õ ò Ã 
XæýÛJÏ%ÐQÄÌ¼CÃC»�¿fÂL¸XÁ(º~Í�¸JÂLÎ/½TÈÃ[Åh¸�¾:¿L¸P»(ÃCÄqÄ$à ¸JÂLºqÉJºq»(ÃJÏ

����
������'��()�&()
*�+�,�����-�� »(ÃCÄk¼C½-¾E¸ê¼6Ë�ÃTÄ�à Ã/»(ÃCÂLÉJº]½�¾fºq½ê»�À�Ä0Ä]½�Ã�Á
º0Äk¹P¸J¹PÃ/»-¿L¸ ½J»(ÉJ¸-Äq½JÂfÃ�»(¸-»´¾fºq½�»RÀ(ÄqÄq¸
Óz¼Cº0¸�ÈÃ[âñæäîXÃ/Á ö"!æðî�Ø3¾EºÒËh½ � æýÛ-Ï�ÐQ»*Ñ�À(Ã�¾:¿L¸�¼C½J¾f¸XÄ$à Ã/Ñ�À�½JÎCºq¸J»(ÃPÛK�XÁZºqÇJÃ/»�¿L½X¾EÃ/¹XÅ�Ä0º]¼SÃ/¹XÃ/»�¿fÃ

��æ Û
ò 
 Ó 
 ô 5 � ô ØYÕ

¼6Ë(Ã�ÈÃ_Ä�à Ã�Ñ-Àh½wÎCºq¸J»�Ã}ÁZºaÀ(»�½�Å�½wÂ6½wÆ"¸JÄ]½(Ï�ÐQ»�Ú�ÉJÀ�ÂL½�3��8½�Ø_Ó�¿fÂ6½?¿E¿LÃCÉ-ÉJºq¸�Ø3ÈÃ�ÂfºqÅh¸-ÂE¿6½?¿L¸Uº0Ä"ÉJÂ6½?Ú"¼S¸UÁZºaÀ(»�½�Å�½wÂ6½wÆ"¸JÄ]½
¼S¸-» � æýÛ[Ã 
Xæ�ÛJÏ

����
����������,�����.���,���-�'�/�0���&�1����()�&�2 »(Ã/Äa¼/½J¾f¸�¼6Ë(Ã�Ä$à ÃC»�ÃCÂLÉJº]½U¾Eº]½U»�ÃCÉ-½w¿fºqÇ?½UÃ/ÁTº0Äa¹P¸J¹PÃ/»-¿L¸�½J»(ÉJ¸-Äq½JÂfÃg»(¸-»
¾fºq½X»RÀ(ÄqÄ0¸�Óz¼Cº0¸�ÈÃIâ 	 îXÃ/Á ö"!æðî�Øk¾Eº~Ëh½Xî�� �
	 ÛJÏ�ÐQ»�Ñ�À(Ã/¾E¿f¸�¼C½-¾E¸PÄ�à Ã�Ñ�À�½wÎ/º0¸-»(Ã�Û �X½J¾L¾EÀ(¹PÃ[Ä]½�Í�¸-Âf¹�½

è43�� ô è65 �Pè � ô æ�
 ô Õ
¼S¸-»73�æ Û 5 � ô � îoÃ%5íæ ò � 
"Ï[ÐQ» Ñ�À(Ã�¾:¿6½oÃ/Ñ�À�½JÎCºq¸J»(Ã�º%¼S¸RÃN�o¼SºqÃC»�¿Lº�Á(ÃCº�¿fÃ/Âf¹Pºq»(º%Ñ-Àh½JÁZÂ6½?¿Lºq¼Cº � ô Ã � ô¾f¸J»(¸�ÁZº~À(É-À�½wÄÒ¾fÃCÉ-»(¸��%¾fº~¿fÂ6½?¿f¿L½PÁZÃ/Ä0Ä�à Ã�Ñ�À�½wÎ/º0¸-»(Ã�Á(ºÒÀ(»Òà ÃCÄqÄ0º]¾L¾EÃ-Ï H ÃCÄ�¼C½J¾f¸Xº0»�¼SÀ�º

âçæ 5 ó : ôò ö ô
¾fº~Ë�½PÃ/¾L½?¿f¿L½w¹PÃ/»-¿LÃ � ætî�ÊZÃIÄ$à Ã/Ñ�À�½JÎCºq¸J»(ÃPÛ ��¾fºÒÂLºqÁZÀh¼SÃI½PÑ-À�ÃCÄqÄq½PÁZºÒÀ�»�½�¼SºqÂL¼C¸J»ZÍ�Ã/ÂfÃ/»(Î/½��

� ô è
� ô æ�
 ô õ
ÐQ»�Ú�ÉJÀ�ÂL½ 3���ÆhØk¾f¸J»�¸XÂLºqÅh¸-ÂE¿6½?¿fºÌºÌÉJÂ6½?Ú"¼SºÒÁZº�ÃCÄqÄ0º]¾f¾fºÌ½eÇ-ÃC»�¿fº 
�æ ÛIÃ�ÁZº �"Ã/ÂfÃ/»-¿LºÌÇ?½wÄq¸JÂLºÒÁZº � þhÀ(»(¸oÁZÃ/º�ÁZÀ�Ã

Í�À(¸Z¼6Ë(º�ÈÃg»(Ã/Ä0Ä�à ¸-ÂfºqÉJºq»(Ã}Á(ÃCÉJÄqºa½J¾L¾Eº�Ï�T�Á � æäîU¼S¸-ÂfÂLº]¾EÅ"¸J»�Á(ÃgÄ$à ¸JÂLÆ(º0¿L½U¼Cº0Â6¼S¸-Äq½JÂfÃUÓ$¼SÀ(ÂLÇ?½[¿fÂ6½?¿f¿fÃCÉ-ÉJº]½?¿6½I½IÅ(º]¼C¼S¸-Ä0º
¿fÂ6½?¿f¿fºNØYÊ}½-Á � æ¶î(õ î(ÛMD�À(»Òà ¸JÂLÆ(º0¿L½�¼C¸J»tÄ]½´¾E¿fÃ�¾f¾L½
Ã/¼/¼SÃ/»-¿LÂfº]¼Sº0¿eÈ½´ÁZº�Ñ�À(Ã/Ä0Ä]½
¿LÃCÂLÂfÃ�¾:¿LÂfÃ�Ó$¼SÀ(ÂLÇ?½´¼C¸J»�¿fºq»RÀ�½-ØSÏ
�Rº�¸-¾L¾EÃ/ÂfÇRº�¼S¸J¹PÃ�¾Eº]½�ÁZº
�o¼SºqÄ0ÃûÁZº]¾:¿Lº0»(É-À(ÃCÂLÃ�Ä�à ¸-ÂfÆ�ºK¿6½�ÁZÃCÄqÄ]½
¿fÃ/ÂfÂ6½�Á(½JÄ0Ä�à ¸JÂLÆ(ºK¿6½�¼SºqÂ6¼S¸JÄ]½wÂLÃ�� T}Á � æ î�õ ò �
¼S¸-ÂfÂLº]¾EÅ"¸J»�Á(ÃUÀ(»Òà ¸JÂLÆ(º0¿L½T¼C¸J»�Ä]½T¾E¿fÃ�¾f¾L½�Ã�¼C¼SÃ/»�¿fÂLºq¼CºK¿?È½TÁZº�Ñ�À(ÃCÄqÄq½	ÁZÃCÄ�Å(º]½w»�ÃS¿L½	ß�ÄqÀZ¿f¸-»(Ã	Ó$¼SÀ(ÂLÇ?½�¿LÂL½w¿E¿fÃ/ÉJÉ-ºq½w¿L½

�



10.5−0.5−1

1

0.5

0

−0.5

−1

ε=1

ε=1.2

10.5−0.5−1

1

0.5

0

−0.5

−1

ε=0.25

ε=0

ε=0.017

ü�º0É-À(Â6½ 3 ��� ()�����7(�� ¾f¸J»(¸*Â6½wÅ(Å(ÂLÃ/¾fÃC»�¿6½?¿fÃPÀ(»
ºqÅ"ÃCÂLÆh¸-Ä0ÃêÓ�¿fÂ6½?¿f¿f¸�¼S¸-»�¿fºq»�À�¸�Ê � æ Û-õ0ÛeØ[Ã/Á�À(»h½�Å�½wÂ6½wÆ"¸JÄ]½
ÓN¿LÂL½w¿E¿LÃCÉJÉ-ºq½w¿L½�Ê � æ Û�ØSÏ�� ()�����/
�� ¾f¸J»�¸TÂ6½wÅ(Å(ÂLÃ/¾fÃC»�¿6½?¿fÃ�À(»�½*¼SºqÂL¼C¸J»ZÍ�Ã/ÂfÃ/»(Î/½êÓN¿fÂ6½?¿f¿fÃ/ÉJÉJºq¸oÚh»(ÃJÊ � æ î-ØSÊ~Ã
ÁZÀ(ÃIÃ/Ä0Äqº]¾f¾fºÌ¼S¸-»	Ã�¼C¼CÃC»�¿fÂLºq¼CºK¿?È½PÁZº0Ç-ÃCÂ6¾f½�ÓN¿LÂL½w¿E¿L¸o¼S¸J»�¿Lº0»RÀ(¸hÊ � æäî(õ î(Û DUÃ�¿fÂ6½?¿f¿fÃCÉ-ÉJºq¸PÄq½JÂfÉ-¸�Ê � æäî(õ ò �-ØYÏ��ÌÀ(¿E¿fÃ
Ñ�À(Ã/¾E¿fÃ[¼S¸-»(º]¼6Ë(Ã�¼C¸JÂLÂfº]¾EÅ"¸J»hÁZ¸J»(¸�½wÄqÄ$à Ã/Ñ�À�½JÎCºq¸J»(Ã � ô ÓEÛ05 � ô Øaè ò � 
2�[è � ô æ 
 ô ¼S¸J» 
Xæ Û-ÊZÑ-À�º0»�Á(º~Å�½J¾L¾f½J»(¸¿fÀ(¿E¿fÃ�ÅhÃ/ÂgºÒÅ(À(»�¿fº�Ózî(Õ/Û�Ø�ÃoÓzî�Õ	5IÛeØYÏ
½I¿LÂL½w¿E¿LºhÄqÀ(»(É-Ë(º]ØSÏ H Ã/Ä"¾fºq¾E¿fÃ/¹�½�¾f¸JÄ]½wÂLÃ_º0Ä"Å(º]½w»(ÃC¿L½�¼S¸J»TÄq½�Å(ºEÈÀ	Å(º]¼C¼S¸-Äq½UÃ/¼C¼CÃC»�¿fÂLº]¼Sº0¿eÈ½�ÈÃ H ÃC¿E¿fÀ�»(¸�Ó � æäî(õ îJî_��Ø
ÃUÑ�À(ÃCÄqÄq¸P¼C¸J»�Äq½XÅ(ºEÈÀ*ÉJÂ6½w»�Á(Ã�ÈÃIß<Ä0ÀZ¿L¸J»(Ã-Ï

ÐQ»*Ú�É-À(ÂL½b�1��Æ�¾f¸J»(¸�ÂLº0Å"¸JÂf¿L½w¿fÃIÄqÃU¸JÂLÆ(º0¿fÃUÁZÃ/ºÌÅ(º]½w»�ÃS¿fº�Ã/¾E¿fÃ/Âf»(º�½wÄqÄq½X¿LÃCÂLÂL½P»�ÃCÄ�¾fº]¾:¿LÃC¹�½�¾E¸-Äq½JÂfÃ[ÃUÄ�à ¸JÂLÆ(ºK¿6½
ÁZÃ/Ä0Ä]½	¼C¸J¹PÃS¿6½���½wÄqÄ0Ã
	"þÒÑ�À(Ã�¾:¿6½oÅ(ÂLÃ/¾fÃC»�¿6½oÀ(»Òà Ã/¼/¼SÃ/»-¿LÂfº]¼Sº0¿eÈ½T¹P¸JÄ0¿f¸�Å(ºEÈÀ�½wÄ0¿L½	ÁZº�¿fÀZ¿f¿fº%º�Å(º]½w»(ÃC¿fº%ÁZÃ/Ä�¾fº]¾:¿LÃC¹�½
¾f¸JÄ]½wÂLÃXÓ � Aäî(õ \-ØYÏ

Ð<¼/½J¾fº"ÂLÃCÄ]½?¿Lº0ÇRº~½wÄqÄqÃ�Å"¸-¾L¾EºqÆ(ºqÄ0º~¸-ÂfÆ�ºK¿LÃ�ÁZÃ/Äa¹X¸J¿f¸Pºq»	À(»�¼C½J¹XÅ"¸PÉJÂ6½eÇRºK¿6½wÎCºq¸J»h½wÄqÃJÊ-½eÇ-ÃC»�¿fºa¾E¿fÃ/¾L¾f¸�¹P¸J¹PÃ/»-¿L¸
½w»�ÉJ¸JÄ]½wÂLÃ ö ÓzÑ�À(ºq»�ÁZº�¾:¿LÃ/¾L¾E¸�Ç?½wÄq¸JÂLÃ�Å"ÃCÂIÄ]½ 
"ÊÒÇ-Ã/ÁZÃ/ÂfÃXÃ/Ñ�À�½JÎCºq¸J»(Ã�Û ò Ø_Ã�ÁZºqÇJÃ/ÂL¾L½oÃ/»(ÃCÂLÉJº]½o¿L¸w¿6½wÄqÃXâ
Ê�¾E¸-»(¸
ÂLºq½-¾f¾fÀ(»�¿fº~ºq»TÚhÉJÀ(Â6½R��½w¿E¿LÂL½eÇ-ÃCÂ6¾E¸�º0ÄÌÁ(ºq½JÉJÂ6½w¹P¹�½�ÁZÃ/Ä0Ä�à Ã/»(ÃCÂLÉJº]½XÅh¸J¿fÃ/»(ÎCº]½wÄqÃ[ÃN�o¼C½-¼SÃ�å 
�� ÓzÔwØYÏ����� ��������
�%'��� *���% ,�, ���r�
ÙÒÃU¼C¸J»�¼CÄ0Àh¾Eºq¸J»(ºÌÅ(ÂfÃ�¼SÃ�ÁZÃC»�¿fºÌÅh¸�¾f¾f¸J»(¸�Ã�¾f¾fÃCÂLÃI½wÅ(Å�Ä0º]¼C½w¿fÃU½w»h¼6Ë(ÃU½wºÌ¾L½?¿LÃCÄqÄ0º0¿fº�ÁZºÌÀ�»�Å(ºq½J»(ÃS¿6½(þ(ºq»�Ñ�À(Ã/¾E¿f¸o¼/½J¾f¸
ºqÄÌÅ(º]½w»(ÃC¿L½PÉ-º0¸Z¼C½XºqÄÌÂLÀ(¸JÄq¸oÁZº�¼SÃC»�¿LÂf¸�ÁZÃ/Ä0Ä]½XÍ�¸JÂLÎ/½�Ï �RÀ(Å�Åh¸-»(ºq½J¹P¸TÁZºÒÇ-¸JÄqÃCÂ_Ä]½w»�¼Cºq½JÂfÃ[ºq»�¸JÂLÆ(º0¿L½P½?¿f¿f¸JÂL»(¸o½JÄ0Ä]½
��ÃCÂLÂL½TÀ(» ¾L½?¿LÃCÄqÄ0º0¿fÃ-ÊÌ½JÁ�À�»�½*ÁZºq¾E¿L½J»(Î/½TÔCì�Á(½JÄ�¼CÃC»�¿fÂL¸	Á(ÃCÄqÄq½��ÌÃ/ÂfÂ6½(ÏUÙ�½TÇ-ÃCÄq¸Z¼Sº0¿eÈ½oºq»(ºqÎCº]½wÄqÃXÁ(ÃCÄ%¾f½w¿fÃ/Ä0ÄqºK¿LÃ ëï ì
¾fºq½UÁ(º0ÂLÃS¿f¿L½I¸-ÂE¿L¸JÉJ¸-»�½wÄq¹PÃC»�¿fÃk½wÄhÂL½JÉJÉ-º0¸[ÇJÃC¿E¿L¸JÂLÃ�ëÔCì�¼6Ë�Ã_»(Ã}ºq»�ÁZºqÇRºqÁ(À�½IÄ]½IÅh¸�¾EºqÎCºq¸J»�Ãgº0»(ºqÎCº]½wÄqÃJÏ<·�º"¼6Ë(º0Ã�ÁZº]½w¹P¸
Ñ�À�½wÄqÃTÁZÃ/ÇJÃ	Ã/¾L¾EÃ/ÂfÃoºqÄ3Çe½JÄ0¸-ÂfÃ	ÁZº ï ì ½M��»�¼6ËkÝÃ�º0Äk¾L½?¿fÃ/Ä0Äqº0¿fÃTÅ"ÃCÂ6¼S¸-ÂfÂ6½*À(»Òà ¸JÂLÆ(º0¿L½ ¼SºqÂL¼C¸JÄ]½wÂLÃ�ÃTÑ�À�½wÄqÃTºqÄ�Ç?½JÄ0¸-Â
¹Pº0»�º0¹P¸oÁZº ï ì ½ ��»�¼6ËkÝÃ�Ã/¾L¾E¸�½JÆ(Æ�½w»hÁZ¸J»(ºaÅ"ÃCÂ}¾fÃC¹PÅ(ÂLÃ[Äq½���ÃCÂLÂL½�Ï

����
�����( �0���&�1����()�&�� Ä]½�¼C¸J»�Á(º0Î/º0¸-»(Ã}Å"ÃCÂkÄ�à ¸-ÂfÆ(º0¿L½�¼SºqÂL¼C¸JÄ]½wÂLÃ_¾EºaÂLºq¼/½eÇ?½UÁ(½wÄqÄ]½�¾fÃ/¼S¸-»�Á(½IÄqÃCÉ-ÉJÃ�ÁZº H Ã��k¿L¸J»ÒÊ
ºq¹XÅ"¸J»�ÃC»�ÁZ¸P¼6Ë(Ã�Ä$à ½J¼/¼SÃ/Ä0Ã/ÂL½JÎCºq¸J»(Ã�ÉJÂ6½eÇ�º0¿L½JÎCºq¸J»�½JÄ0ÃgÃ/ÉJÀ�½JÉJÄqº"Ñ�À(Ã/Ä0Ä]½X¼SÃC»�¿LÂfº0Í�À(É-½�Ï�ÐQ»hÁZºq¼/½w»�Á(¸X¼C¸J» ó Ä]½�¹�½-¾f¾L½
ÁZÃ/Äa¾L½?¿LÃCÄqÄ0º0¿fÃ-ÊZ¼S¸J» 8 Ñ�À(ÃCÄqÄq½XÁZÃ/Ä0Ä]½���ÃCÂLÂL½�Ã�¼C¸J» ï�� º0ÄaÇ?½wÄq¸JÂLÃ�Á(º ï ì ÁZÃC¿fÃ/Âf¹Pºq»�½?¿L¸�Á(½XÑ�À(Ã/¾E¿L½�À(ÉJÀ�½JÉJÄqºq½J»(Î/½�Ê
¾fº~Ë�½

ó
ï ô�
ÔCì æ@6 ó 8Ô ôì Õ � ï�� æ � 6 8 Ô/ì õ

����
�����(7��()�&()
������,�1(  Ä]½P¹Xºq»(ºq¹�½PÇJÃCÄq¸Z¼Sº0¿eÈ½Xºq»(º0Î/ºq½JÄ0Ã ï�� ¼6Ë(ÃIÇJÃ�ÁZÂLÃCÆ(Æ"Ã[Äq½X¹�½J¾L¾f½ ó ½JÄ0Äq¸J»�¿6½w»�½JÂL¾fºhÅ"ÃCÂ
¾fÃC¹PÅ(ÂLÃUÁ(½wÄqÄq½���ÃCÂLÂ6½	ÈÃUÑ-À�ÃCÄqÄq½o¼6Ë�ÃUÁÌÈ½�ÄqÀ(¸JÉ-¸P½-Á*À(»Òà ¸JÂLÆ(º0¿L½PÅ�½JÂL½JÆh¸-Ä0º]¼C½�Ï � ¾L¾L½X¾fºÌ¸J¿E¿Lº0Ã/»(ÃUºq¹XÅ"¸J»�ÃC»�ÁZ¸o¼6Ë�Ã

<



v0 vC<

v0 vC=

vC vPv0< <

moto circolare

3

2
ρ

1

ellisse a

  ellisse b

Terra

Terra

Urano
Marte

Saturno

Giove

Nettuno

Plutone

Cometa
di Halley

ü�º0É-À(Â6½R��� � ()����� ( �R¸-»(¸o¹P¸-¾E¿fÂ6½?¿LÃ�ÄqÃ�ÁZºqÇJÃ/ÂL¾fÃ�¸-ÂfÆ(º0¿fÃ�ÅhÃ/Â[¾L½?¿LÃCÄqÄ0º0¿fº�¿fÃ/ÂfÂLÃ/¾E¿fÂLº�¼S¸JÂLÂLºq¾fÅh¸-»�ÁZÃ/»-¿Lº�½Jº�¼/½J¾fº<ÛJÊ
ò Ã�3PÁZº~Ú�É-À(ÂL½R�(Ï�ÙÌ½P¼SÀ(ÂLÇ?½�Û[¼C¸JÂLÂfº]¾fÅh¸-»�ÁZÃ[½wÄÌ¼/½J¾f¸ ï ì 	 ï�� Ê(ºq»*¼SÀ(ºÒÄ]½PÅ"¸-¾fº0Î/º0¸-»(Ã[º0»(ºqÎCº]½wÄqÃ 
êÓ�Ã�Ñ�À�½wÎ/º0¸-»(ÃÛ ò Ø<¼C¸Jºq»�¼Sº]ÁZÃ�¼S¸J»	Ä$à ½?Í�Ã/Ä0ºq¸�Ï%Ù�½�¼CÀ(ÂfÇ?½ ò ¼C¸JÂLÂfº]¾EÅ"¸J»hÁZÃ�½JÄ"¹P¸J¿f¸P¼SºqÂL¼C¸JÄ]½wÂLÃJÏ�Ù�½�¼CÀ(ÂLÇe½ 3�¼C¸JÂLÂfº]¾fÅh¸-»�ÁZÃ}½JÄa¼/½J¾f¸
ï � 	 ï ì 	 ï � Ê�ºq»´¼SÀ(ºkÄ]½�Å"¸-¾fº0Î/º0¸-»(ÃTºq»(ºqÎCº]½wÄqÃ 
 Ó�Ã�Ñ�À�½wÎ/º0¸-»(ÃêÛ ò ØU¼C¸Jºq»�¼Sº]ÁZÃ�¼S¸J»´º0ÄkÅ"ÃCÂLº0Ã/Ä0ºq¸�ÏûÐQ»
¿LÀZ¿E¿LºgÃ
¿fÂLÃXº�¼C½J¾fº�º0Ä%Ç?½JÄ0¸-ÂfÃXÁZº�
*ÃPÑ�À(ºq»�ÁZº�Á(ÃCÄ�¹P¸J¹PÃC»�¿f¸*½w»�ÉJ¸JÄ]½wÂLÃoÈÃ�Úh¾L¾f½w¿f¸hÏ�� ()�����/
 �R¸J»�¸	Â6½wÅ(Å�ÂfÃ�¾EÃ/»-¿6½?¿LÃ�ÄqÃ
¸JÂLÆ(º0¿fÃ�ÁZÃ/º�Å(º]½w»(ÃC¿fº�ÁZÃ/Ä<¾Eº]¾E¿fÃC¹�½*¾f¸JÄ]½wÂLÃ�Ã/¾E¿fÃ/Âf»�º<½wÄqÄq½���ÃCÂLÂL½�ÊÒ½J¾L¾EºqÃC¹PÃ�½wÄqÄq½*¼C¸J¹PÃS¿6½���½wÄqÄ0Ã
	JÊÌ¼6Ë�ÃXÅ�ÂfÃ�¾EÃ/»-¿6½
À(»�½XÃ�¼C¼SÃ/»�¿fÂLºq¼CºK¿?È½�¹P¸-ÄK¿L¸X¹�½JÉJÉJºq¸JÂLÃJÏ

Ä�à Ã/»(ÃCÂLÉJº]½�¹PÃ�¼C¼C½J»(º]¼C½Pâ ¾fº]½�»RÀ(ÄqÄ]½ �

âçæ Û
òÒó ï�ô� 5{6 ó98ÔCì æäî � ï�� æ � ò 6 8 Ô/ì æ w ò ï�� õ

ÐQÄ3Çe½JÄ0¸-ÂfÃ ï�� ¼S¸-ÂfÂLºq¾fÅ"¸J»�ÁZÃ	½wÄqÄq½êÇJÃCÄq¸Z¼Sº0¿eÈ½�Á(º<Í�À(É�½ê½êÅ�½wÂf¿fºqÂfÃ	Á(½wÄqÄq½ Ñ�À(¸w¿6½�Ô ì Ï �ZÃ	Ô ì ¼C¸Jºq»�¼Sº]ÁZÃ/¾L¾fÃT¼S¸-»�º0Ä
Â6½wÉJÉ-º0¸oÁ(ÃCÄqÄq½��ÌÃ/ÂfÂ6½ � Ê~¾Eº%½eÇRÂLÃCÆ(Æ"Ã ï � æ k ò 6�� � æ w ò�� � AíÛ-ÛJõ 3��[¹ J ¾/Ï È� º0»�¿fÃ/ÂfÃ�¾f¾L½w»�¿LÃ�ÁZ¸-¹P½J»�Á(½JÂL¾fº
¸JÂ6½XÑ-Àh½wÄqÃ[¾fº]½�ºqÄ~¿Lº0Å"¸oÁZºÒ¸-ÂfÆ(º0¿L½XÅ"ÃCÂgÇ-ÃCÄq¸R¼CºK¿?È½ ï ì � ï � ÃIÅhÃ/Â ï ì 	 ï � Ï

����
���������������
������������'�
	 � �,���������,������ Å"ÃCÂ ï ì � ï�� ¾fº�Ëh½ ¼6Ë(Ã	Ä$à ÃC»�ÃCÂLÉJº]½�ÈÃ	Åh¸�¾Eº0¿fºqÇ?½�Ã*Ñ-À�º0»�Á(ºk¼6Ë�Ã
ÄqÃ�¸JÂLÆ(º0¿fÃX¾E¸-»(¸	ÁZº�¿fºqÅ"¸	ºqÅhÃ/ÂfÆ"¸JÄqº]¼S¸ Ó�Ú�ÉJÀ�ÂL½ �JØYÏQT_Æ�Æ(ºq½J¹P¸o¿fÂL¸?Ç?½?¿L¸T¼6Ë(Ã�Ä�à ÃC»(Ã/ÂfÉ-ºq½�¹PÃ�¼C¼C½J»(º]¼C½�ÈÃ�»RÀ(Ä0Ä]½oÅ"ÃCÂ
ï ì æ ï�� Óz¸JÂLÆ(ºK¿6½XÅ�½wÂ6½wÆ"¸JÄqºq¼/½-Ø�¹PÃC»�¿fÂLÃ[ÅhÃ/Â ï ì æ ï�� 	 ï�� Ó�¸JÂLÆ(º0¿L½P¼SºqÂ6¼S¸JÄ]½wÂLÃ�Ø<¾EºÌË�½P¼6Ë(Ã

âçæ Û
òÒó ï ô� 5{6 ó98ÔCì æ45 Ûò 6 ó98ÔCì 	 î(õ

ÐQ»oÉ-ÃC»(Ã/ÂL½JÄ0Ã_Å"ÃCÂ ï ì 	 ï�� ¾fºhË�½�â 	 î(þZ½-Á�ÃC»(Ã/ÂfÉ-º0Ã}¹XÃ�¼C¼/½w»(º]¼6Ë(Ã}»�ÃCÉ-½w¿fºqÇJÃ}¼C¸JÂLÂfº]¾fÅh¸-»�ÁZ¸J»�¸U¾EÃ/¹XÅ�ÂfÃ�¸JÂLÆ(ºK¿LÃ
¼6Ë(ºqÀ�¾fÃPÓ�Ú�ÉJÀ�ÂL½R�JØSÊ�Ñ�À(ºq»�ÁZº~Å"ÃCÂ

ï ì 	 ï � Ã ï � 	 ï ì 	 ï �
ºqÄ3¾L½?¿LÃCÄqÄ0º0¿fÃoÅ"ÃCÂ6¼S¸-ÂfÂLÃ�¸JÂLÆ(º0¿fÃoÃ/Ä0Äqº0¿E¿fº]¼6Ë(Ã-Ï�ÐQ»�Å�½JÂE¿Lºq¼C¸JÄ]½wÂLÃJÊÌÅ"ÃCÂ ï ì 	 ï � Ê�ºqÄ3¾L½?¿LÃCÄqÄ0º0¿fÃ	¾Eº3¹�À(¸?Ç-Ão¾EÀ´¸JÂLÆ(ºK¿LÃ½eÇJÃ/»�¿fº~Ä�à ½wÍ�ÃCÄqº0¸T¼C¸Jºq»�¼Sº]ÁZÃ/»-¿LÃU¼S¸-»�Ä]½�Å"¸-¾fº0Î/º0¸-»(ÃIºq»(º0Î/ºq½JÄ0ÃIÔ/ìTÓ�Ç-Ã/ÁZºÌÚ�ÉJÀ�ÂL½R��¼CÀ(ÂfÇ?½*Û-Ê(Å�½wÂf¿fÃU¾fÅ"Ã/¾L¾f½�Ø3¹XÃ/»�¿fÂLÃ
ÃXÅhÃ/Â ï � 	 ï ì 	 ï � ºqÄ�¾L½?¿fÃ/Ä0Äqº0¿fÃXÅhÃ/ÂL¼C¸JÂLÂfÃU¸-ÂfÆ�ºK¿LÃ�ÃCÄqÄqºK¿f¿fº]¼6Ë(Ã�¼S¸J» Äq½TÅh¸�¾EºqÎCºq¸J»�Ã�ºq»(ºqÎCº]½wÄqÃX¼C¸Jºq»�¼Sº]ÁZÃC»�¿LÃ�¼S¸-»
ºqÄgÅhÃ/ÂfºqÃCÄqº0¸tÓzÇJÃ/Á(ºkÚ�ÉJÀ(Â6½ �ê¼CÀ(ÂLÇe½ 3�Ê<Å�½JÂE¿LÃ*¾fÅ"Ã/¾L¾f½�ØYÏéÐQ»§ÚhÉJÀ(Â6½ ��¾f¸J»(¸�¹P¸-¾E¿fÂ6½?¿LÃ	ÄqÃ�¼SÀ(ÂLÇJÃ*ÁZºgÃ/»(ÃCÂLÉJº]½
Å"¸w¿fÃ/»(ÎCº]½wÄqÃ�ÃN�o¼/½J¼SÃ å�

�XÓ�ÔwØêÓ�ÇJÃ�ÁZÃCÂLÃ�½w»h¼6Ë(Ã�Äq½�ÚhÉJÀ(Â6½ ò ØX¸J¿E¿fÃ/»RÀZ¿fÃ�Å"ÃCÂTº�ÁZº �"Ã/ÂfÃ/»�¿fº}Ç?½JÄ0¸-Âfº_ÁZº ï ì Ï T_Ä
¼SÂLÃ/¾L¼SÃ/ÂfÃXÁZº ï ì Ã�Ñ-À�º0»�Á(º�ÁZº ö æ ó Ô ì ï ì Ê~Ä�à Ã/»(ÃCÂLÉJº]½	¼CÃC»�¿fÂLº0Í�À(É-½ ö ô � ò ó Ô ôì ½JÀ(¹PÃC»�¿L½	¹PÃC»�¿fÂLÃ�å�Ó�ÔwØ�ÂfÃ�¾:¿6½ºq»�Ç?½JÂfº]½?¿6½(þ�»(Ã�¼C¸J»�¾fÃCÉ-À(Ã�¼6Ë�Ã}ÄqÃ�¼CÀ(ÂfÇ-Ã�ÁZÃ/ÄaÅh¸J¿fÃC»�ÎCº]½wÄqÃ�Ã	��¼/½J¼CÃ[å�
��XÓ�ÔwØk¾Eºa¾fÅh¸�¾:¿6½w»(¸�ÇJÃCÂ6¾f¸�Ä�à ½JÄK¿L¸�Ï T}Á	¸JÉJ»�º
¼SÀ�ÂfÇ?½�¼C¸JÂLÂfº]¾EÅ"¸J»hÁZÃPÀ(»�½�ÁZºqÇJÃ/ÂL¾L½�¿fÂ6½wºqÃS¿f¿f¸-Âfº]½ ��½JÄ0Ä]½�¼CÀ(ÂfÇ?½ ò Ê�¼C¸JÂLÂfº]¾fÅh¸-»�ÁZÃPÄq½�¿fÂ6½wºqÃS¿E¿L¸JÂLºq½�¼Cº0Â6¼S¸-Äq½JÂfÃ-Ê�½JÄ0Ä]½
¼SÀ�ÂfÇ?½b�XÑ�À(Ã/Ä0Ä]½XÅ�½wÂ6½wÆ"¸JÄqº]¼C½(ÊZ½JÄ0ÄqÃ�¼CÀ(ÂLÇJÃPÛ[Ã 3�¿LÂL½Jº0ÃC¿E¿f¸-ÂfºqÃ�ÃCÄqÄ0º0¿E¿Lºq¼6Ë(Ã[ÃI½wÄqÄ]½X¼CÀ(ÂLÇe½j�XÑ�À(ÃCÄqÄq½XºqÅhÃ/ÂfÆ"¸JÄqº]¼C½(Ï%ÙÌÃ
ÁZºqÇJÃ/ÂL¾fÃ�¸-ÂfÆ�ºK¿LÃU¾E¸-»(¸�ÂLºqÅh¸-ÂE¿6½?¿fÃ[ºq»�Ú�ÉJÀ(Â6½F���Q½(Ï

D



5

4

3

2

1

rr

1

2

3

4

5

ρ

Energia

iperbole

ellisse b

cerchio

ellisse a

E

E

E

E
E

parabola

ü�º0É-À(Â6½~� ����¸w¿f¸*ÁZÃ/º�¾L½?¿LÃCÄqÄ0º0¿fº������ ��� (	� ï ì 	 ï�� Êa¹X¸J¿f¸	ÃCÄqÄ0º0¿E¿Lºq¼C¸�Ê~Ä]½TÅ"¸-¾fº0Î/º0¸-»(Ã�ºq»(ºqÎCº]½wÄqÃ 

Ó�Ã�Ñ�À�½wÎ/º0¸-»(Ã
Û ò Ø3¼S¸Jºq»�¼CºqÁZÃI¼C¸J»�Ä$à ½?Í�Ã/Ä0ºq¸�Ó�Äqº0»(Ã�½P¹�½wÉJÃ/»�¿L½�º0»*ÉJÂ6½J¾L¾fÃS¿E¿L¸�ØSÊ�Ã/Ä0Äqº]¾f¾fÃ $�»(ÃCÄqÄq½XÚhÉJÀ(Â6½ �1�8½�Ï
��� ��� (�
 ï ì æ ï�� Ê
¹P¸w¿L¸�¼Cº0Â6¼S¸-Äq½JÂfÃ-Ï	��� ��� (�� ï�� 	 ï ì 	 ï�� Ê<¹P¸w¿L¸ Ã/Ä0ÄqºK¿f¿fº]¼S¸hÊ<Ä]½êÅ"¸-¾fº0Î/º0¸-»(Ã�º0»(ºqÎCº]½wÄqÃ 
ðÓ�Ã/Ñ�À�½JÎCºq¸J»(Ã�Û ò Ø
¼S¸-º0»h¼Sº]ÁZÃ�¼C¸J»�ºqÄ�Å"ÃCÂLº0Ã/Ä0ºq¸ ÓzÄ0ºq»(Ã�½o¹�½wÉ-ÃC»�¿L½Pºq»�ÉJÂ6½J¾L¾fÃS¿E¿L¸�ØSÊ�ÃCÄqÄqºq¾L¾EÃ��_»�ÃCÄqÄq½oÚ�ÉJÀ(Â6½j���Q½(Ï���� ��� (�� ï ì æ ï�� Ê
¹P¸w¿L¸XÅh½wÂ6½wÆ"¸JÄqºq¼C¸�Ï���� ��� (�� ï ì � ï�� Ê�¹X¸J¿f¸PºqÅhÃ/ÂfÆ"¸JÄqºq¼C¸�Ï
Ð�¾fÃCÉ-¹PÃC»�¿fº�¸JÂLºqÎCÎC¸-»�¿L½wÄqº�¿fÂ6½?¿E¿LÃCÉ-ÉJº]½?¿fº�Â6½wÅ(Å(ÂLÃ/¾fÃC»�¿6½w»(¸oÄ�à ÃC»(Ã/ÂfÉ-ºq½T¿f¸J¿L½wÄqÃPâ
ÊÒÃ/¾L¾fº�¾f¸J»�¸	»RÀ(¹PÃCÂ6½?¿Lº%Á(½êÛP½ �
¼S¸-¹PÃ�ÄqÃ3¼C¸JÂLÂfº]¾fÅh¸-»�ÁZÃC»�¿Lº-¼SÀ�ÂfÇ-Ã�ÁZºRÃC»�ÃCÂLÉJº]½_Å"¸w¿fÃ/»(ÎCº]½wÄqÃ3ÃN�o¼C½-¼SÃJþ?ºqÄZ¾EÃ/ÉJ¹PÃC»�¿L¸}»RÀ(¹PÃCÂL¸ �PÓ�¹P¸w¿L¸�Åh½wÂ6½wÆ"¸JÄqºq¼C¸�Ø
¼S¸-º0»h¼Sº]ÁZÃ�¼C¸J»�Ä�à ½-¾f¾fÃ}ÁZÃ/Ä0ÄqÃ�½-¾f¼Cºq¾L¾EÃ-Ê-âçæäî(Ï�ÐQ»�¿fÀZ¿f¿fºaºa¼C½J¾fº�ºqÄ"Çe½JÄ0¸-ÂfÃ�ÁZº 
XÃ�Ñ�À(ºq»�ÁZºaÁZÃ/Äh¹P¸J¹PÃ/»-¿L¸�½w»�ÉJ¸JÄ]½wÂLÃ
ÈÃ�Úh¾L¾f½w¿f¸hÏ

i


